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ABSTRACT
Familiarity with quality loss reduction models and methods should be a priority for many U.S.
manufacturers because costs of quality represent a significant percentage of total sales each year.
This thesis provides an overview of quality costs, models, and control techniques based on
selected readings. Costs of quality include failure, appraisal, and prevention costs. Focused
attention should be given to prevention expenditures as a means to reduce quality failure and
appraisal losses. However, U.S. manufacturers have only recently started to recognize this
strategy. One model available to assist companies in establishing quality loss goals and strategic
planning is Joseph Juran's Model of Quality Costs. This model recognizes the concepts of
continuous quality improvement and zero losses as means for obtaining increased market share
in today's global economy. Many quality tools and techniques are available to facilitate
continuous improvement, but a very significant tool is control charts. Control charts enable
companies to identify and reduce variability in production processes. Reduction of variability
equates to reduction in the total costs of quality. This, in turn, represents increased profitability
for the corporation. Quality assurance programs will enable companies to compete effectively in
the fast-paced global market today and in the future.
Measuring the Costs of Quality
Quality and quality costs are issues that U.S. manufacturing concerns need to address. In
today's competitive global marketplace, avoiding these issues equates to the conversion of
financial prosperity to financial suicide. The intent of this paper is to look at quality costs as they
relate to both a quality model and a quality tool. The definition of quality costs will be
discussed first, followed by a discussion of the changing landscape of quality costs and related
management philosophy in U.S. manufacturing from the early 1900's to present. After the
historical review, Joseph Juran's models of quality costs will be presented. Lastly, control chart
use (statistical process control or SPC) and how it assists companies in measuring the costs of
quality will be discussed.
What are Ouality Costs?
Quality costs are broken down into four categories: internal and external failure costs,
appraisal costs, and prevention costs. Internal and external failure costs are the result of
nonconforming or nonperforming products. Internal failure costs are those which have been
discovered before the product is shipped to the customer. Rework or repair, downtime, scrap,
retesting of repaired products, and disposition costs are included in this category. External
failure costs are incurred due to defective products reaching the consumer. These costs include
costs of returned material, warranty charges, complaint processing, legal expenses due to
lawsuits, revenue losses if products must be sold as factory seconds, and costs of concessions
made to customers. Appraisal costs are primarily inspection costs. These costs are incurred for
the purpose of detecting quality defects before a product is shipped. Testing equipment
purchases and maintenance and all inspection activity would be included in this category. The
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last category, prevention costs, includes all costs incurred in an organization's efforts to prevent
defective goods from being produced. This category includes costs associated with education
programs, machinery, technology, quality program administration, and SPC procedures.
Historv of Ouality Costs
From the early 1900's on, companies have continually shifted their focus from one
category of quality cost to another. Prior to 1935, companies only measured failure costs with
little or no thought given to the concept of quality. Manufacturers were concerned primarily with
increased production and market share, and in achieving these goals, high levels of substandard
products going out the door were considered acceptable. Defective products discovered in-house
were either reworked or sold "as is" at a reduced price. Due to a lack of competition during this
time period, consumers were often saddled with substandard goods.
From 1935 to 1970, manufacturers shifted their focus from failure costs to appraisal
costs. This shift occurred primarily due to the advent of World War II. As the war movement
progressed, there was an increased demand for manufactured goods and a lack of experienced
workers to fulfill this demand. At this point, companies turned to more sophisticated statistical
methods to discover defects. The use of these methods resulted in diminished external failure
costs, but did nothing for internal failure costs. Appraisal does not find and eliminate the root
causes of defects (variance reduction), it only defines the symptoms.
In the 1950's, U.S. manufacturers had the opportunity to enhance quality in their factories
using quality techniques and programs developed by W. Edwards Deming and Joseph M. Juran.
However, they elected not to do so. These techniques, primarily geared to preventing defects,
were embraced by the Japanese. By 1970, Japan was leading the way in markets previously held
by the United States.
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The last cost category, prevention, began to receive attention from U.S. manufacturers in
the period 1970 - 1988. By this time, Japan and other countries were far advanced in prevention
methodology compared to the U.S. Countries embracing prevention to reduce quality costs
realized that appraisal and failure costs were significantly reduced as spending on prevention
activities increased. Quality experts and researchers both suggest that the U.S. was late to the
prevention starting gate due to a stubborn adherence to short-term profit goals. U.S.
management philosophy appeared to be that if profit was not immediately recognizable, it was
unlikely that monies would be expended on prevention issues. Other issues standing in the way
of prevention activities may have included the internal structure of organizations (i.e., lack of
empowering all employees with responsibility for quality), labor union unwillingness to add to
union employee responsibility, and our nation's overall education system. It has also been
implied that U.S. manufacturers had the wrong motivation for starting prevention activities.
They became involved in prevention to "save face" due to losing major markets to the
competition rather than seeing prevention for its cost saving potential.
Where should U.S. manufacturers focus now? Obviously, prevention is the key to
reducing costs in the other quality cost categories. Quality should be designed into the product
and process from the onset. This will require using a variety of quality measures. Hard data can
be collected and analyzed. A greater emphasis must be placed on customer requirements.
Technology will aid in reducing the human error factor, which in turn will reduce costs.
Globally, manufacturers who place the greatest emphasis on quality will win the day.
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The Economic Measure of Oualitv
The economic measure of quality can also be called voluntary cost versus involuntary
cost. Companies need to ask themselves such questions as, "How much prevention and appraisal
cost is enough," or "What defect rate are we willing to accept?" Current quality standards call
for continuous quality improvement in order to remain competitive in the global marketplace.
Establishing cost limits or accepting defective products does not support this philosophy. If
quality is to become a strategic tool for any company, then these issues need to be addressed.
It was previously discussed that failure costs were categorized into internal and external.
Two additional categories not normally included when calculating the cost of poor quality are
indirect and intangible failure costs. These costs are generally ignored when considering quality
costs because they are controversial in nature. Accountants and others are unable to assign a
dollar value to the items in question, the items are hidden in other categories, or they cannot
agree that these types of items are actually quality costs. Hidden indirect failure costs include
such things as redesign based on quality reasons, changes in manufacturing processes or
software, scrap not reported, and excess inventory costs. Also included as hidden costs are those
standard costs for extra materials purchased, and allowances for scrap, rework and time because
defects are assumed to be part of the normal process. Questionable quality costs consist of items
such as product liability costs, depreciation on monitoring equipment, and preventive machine
and tool maintenance. In Juran's Quality Control Handbook, it is suggested that the controversy
over whether or not to include such items as quality costs can be solved by asking a theoretical
question: "Suppose all defects disappeared. Would the cost in question also disappear?" (4.10).
If the response is no, then the cost should not be considered a quality cost. The opposite is true
for a yes response. Intangible quality failure costs are the most elusive to affix with a dollar
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value. Included in the intangible category are potential losses that might be incurred due to lost
market share, loss of customer goodwill, and loss of future sales. Intangible failure costs are not
voluntary and should be avoided as they are subject to a high multiplier effect. For example, if a
customer is pleased, he or she will tell only a few people. However, if a customer is unhappy, he
or she will tell many people. This is the multiplier effect.
Juran's Oualitv Cost Models
Joseph M. Juran developed two models of quality costs. The first model represents the
"traditional" viewpoint on quality costs. See Figure 1.
FIGURE lIJuran's Model of Quality Costs








COST OF APPRAISAL PLUS
PREVENTION
"'-




The model in Figure 1 represents conformance versus cost on a per unit basis. There are
several problems related to this model. First, It shows that total quality costs are minimized
where appraisal plus prevention cost meets failure cost, and implies that less than 100%
conformance is acceptable. If a company tries to reach 100% conformance, appraisal/prevention
costs would rise to infinite levels as would the total quality cost. This is incompatible with the
continuous quality improvement philosophy commonly in use today. Also, the cost
minimization point represents a trade-off between failure costs and quality as might be found
with short-term profit objectives. A trade-off in this manner might not be in the best interests of
a company on a long-term basis. This model also infers that appraisal/prevention cost and
failure cost each represent one-half of the total quality cost. This makes it appear that for every
dollar spent on appraisal/prevention, an immediate equal decrease in failure costs occurs. This is
not the case as decreases in failure costs may not be immediately apparent. The traditional
model depicted in Figure 1 does not include intangible or indirect failure costs, thus, true quality
costs are not taken into consideration. Appropriate prevention investments may not be made
because quality failure costs are underestimated. This could lead to lower than expected
reductions in quality costs. Lastly, prevention and appraisal costs should not be allocated on a
per unit basis because quality improvements benefit more than one product line over time.
This model would be beneficial for companies just starting a quality improvement
program. It could provide a starting target for quality conformance. It would also aid those
companies whose appraisal/prevention cost is not exhibiting any noticeable result to reevaluate
these activities in order to come back to a more feasible cost pattern. A company might be
putting too much money into appraisal activities when more is needed in the prevention area in
order to effect change. Care needs to be taken when using this model due to its very nature. As
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mentioned earlier, this model allows for a certain amount of defective product or lack of
conformance to design specifications. Companies may be willing to accept less than 100%
conformance, but customers might not. This could force failure costs higher rather effecting a
reduction.
The revised model of quality costs conforms to the continuous improvement concept or
TQM (total quality management). See Figure 2.










It is also more realistic than the traditional model in that it includes all failure costs--external,
internal, indirect and intangible. This model looks at quality costs as a function of quality loss
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level rather than conformance or defective product level. Managers are better able to relate to
this type of measure. Also, these losses are based on total costs rather than a per unit basis. It is
noted that voluntary quality costs behave in a fixed manner as compared to the traditional model.
Cost minimization occurs at no less than zero loss or 100% conformance. This model further
depicts that a steady stream of appraisal plus prevention activity takes places beyond the point
where voluntary cost intersects with failure costs. This activity is necessary to assure continued
quality of product and continued reduction of loss.
There are a few disadvantages related to this model. First, zero loss or 100%
conformance may not be in each company's best interest. Appraisal and prevention activities
may cost more than the benefits derived. There may be products out there that do not have to be
100% in conformance in order to have a useful and complete life. In this circumstance, being out
of conformance will not incur additional loss. Some companies may be unable to afford
pursuing a zero loss concept. Lastly, it was discussed earlier the difficulty in assigning dollar
amounts to hidden and intangible failure costs. For this model to work, some reasonable
workable figure for these costs must be known or reasonably approximated.
As a benefit, this model supports continuous quality improvement with the ultimate goal
of zero losses/zero deviation. Companies need to have this goal in mind to retain market share in
the global environment. Prevention cost is likely to dominate beyond the point of intersection
with total failure cost in order to prevent loss of quality gains. Prevention costs here might
include investments in new technology, robotics or other automation to continually reduce failure
rates. A company can recognize a drop in nonconforming units from a great number to a lesser
number with relative ease by weeding out causes of variation and getting a process under control.
However, as these activities approach zero losses, a much greater amount of time and a
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substantial amount of capital must be invested to attain the near zero loss level. This "almost
zero" level is not easily achieved.
Another benefit to this model is in recognizing how the cost structure shifts. Initially,
there are high failure costs, moderate appraisal costs, and low prevention costs. As appraisal
activity increases, failure costs in all categories begin to decrease. Then comes the point where
failure costs further decline and appraisal costs decline as well due to prevention activities.
During the entire shift process, sales and profitability should be increasing. Once this shift is
recognized, management can make better informed decisions for capital investment alternatives
as they relate to loss reduction. In addition, due to the recognition of intangible loss in this
model, companies can develop strategies to address these concerns. For example, money can be
invested in customer satisfaction surveys as a means of loss prevention. This model assists a
company in stepping up to a much more sophisticated level of loss prevention.
Any organization in the manufacturing or service industries can apply this model if it
wishes to embrace a continuous improvement and zero loss philosophy. This model is also
desirable for those situations where 100% conformance is expected, such as the fields of nuclear
power, surgical medicine, or the airlines. It would also be a good strategy for companies in niche
markets to follow. Some customers demand the best quality money can buy and are willing to
pay the price for that perceived quality. An example would be the purchase of luxury
automobiles such as Lexus or Mercedes Benz.
Control Charts
Control charts are tools used to identify quality problems by tracking process variability.
This is accomplished by monitoring a process on a regular basis and graphing the observations.




















cause variation. Random variation is normal variation inherent to any production process due to
process design. These common cause variations are only eliminated by changing the process.
Assignable or special cause variation occurs as a result of some specific cause. These causes
might include human error or faulty equipment. Special cause variation must be identified and
eliminated in order to prevent defective products, and ultimately quality losses.
Different types of charts are used to monitor different quality characteristics.
Specifically, there are charts that measure variables and charts that measure attributes. One
variable chart, the X-bar, measures the variation of observed mean values around an accepted
level. For example, the mean value for the size of an object could be plotted on an X-bar chart.
The other widely used variable chart is the R chart, which measures the variation of dispersion or
range around the mean. These two charts are generall, used in conjunction with each other. See
sample X-bar chart below.
Observations over Time - X-bar chart
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The X-bar chart is scrutinized for unusual patterns inconsistent with common cause
variation. There are several tests that can be applied in order to determine if special cause
variation is present. Examples include identifying six points in a row steadily increasing or
decreasing, or fourteen points in a row alternating up and down. If special cause variation is
present, further investigation is warranted.
The two widely used attribute charts are the C chart and the P chart. The C chart tracks
the number of defects per unit per some measure (day, machine, etc.). The C chart assumes only
rare occurrence of defects of quality attributes. The P chart tracks the proportion of defective
units produced by the process per some measure, and assumes defects occur in greater that 5% of
the units sampled.
One disadvantage of using control charts is that data may be misinterpreted. Another
disadvantage is the possibility of incorrect data collected due to improper sampling techniques.
Also, someone must be charged with the responsibility of monitoring the data collection so
potential problems can be identified and corrected quickly.
The advantages of using control charts far outweigh the disadvantages. Most quality
assurance programs rely on control charts as an integral part of controlling quality losses.
Control charts provide the most effective means of monitoring processes for variability.
Variability is what leads to defective units and quality cost loss, including internal and external,
intangible and indirect losses. Control charts can be used to not only monitor the process, but
once process variability can be reduced and maintained at a smaller range, then the entire process
might be shifted to a lesser mean or average. This shift could represent substantial cost savings
in the amount of materials used in a given process as long as the shift allowed the product to stay
within conformance standards with no loss of quality.
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Organizations should not employ the use of statistical process control arbitrarily, but need
to carefully choose those processes which should be monitored due to sensitivity or high dollar
loss potential. High dollar processes (costly to run) should be monitored to avoid shifts in
variability, especially when a potential shift could mean high dollar or material loss. Sensitive
processes include those which have a customer critical characteristics, or in plain English,
something must be in place or the customer will suffer product failure. Both of these scenarios
result in failure costs for the manufacturer.
Conclusion
Many quality models and tools are available to assist the company that is concerned with
costs of quality and reduction of losses caused by quality issues. Only two models and one tool
have been described within this report, however, these items form a solid basis from which a
company could start a quality assurance program. Corporate management must recognize the
benefits of such a program, whole-heartedly provide support from the top down, and empower
their employees to engage in quality activities. Comprehensive, innovative quality programs will
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